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Ozone^  chemically  designated  by  the  sym- 
bol O3;  is  generated  by  the  action  of  a  silent 
discharge  of  high  tension  electricity;  in  an 
atmosphere  of  oxygen,  the  latter  being  either 
in  the  form  of  the  pure  gas  ox  more  usually  as 
oxygen  diluted  with  the  other  constituents  of 
the  air. 

As  is  indicated  by  the  formula^'  ozone 
consists  of  three  oxygen  atoms;  or  it  may  be 
considered  to  be  an  oxygen  molecule  O2  plus 
an  extra  oxygen  atom.  It  is  generally  con- 
sidered that  its  remarkably  strong  oxidizing 
power  may  be  attributed  to  this  third  atom. 
Besides  its  oxidizing  power;  it  still  has  a 
wonderful  germicidal  property;'  which,"  accord- 
ing to  different  authorities;  may  he  due,  either 
to  a  specific  property  coming  from  some  imusu- 
al  combination  of  the  oxygen  atoms;  or  simply 
to  the  oxidizing  power. 

Owing  to  its  powerful  germicidal  proper- 
ties, its  successful  commercial  application  to 
water  sterilization  and  to  the  fact  that  experts 
in  the  ch«nical  profession  seem  to  be  divided 
in  the  opinion  as  to  its  practicalility  as  a 

Page  4 


sterilizing  agent  for  raw  milk,    the  problem  statei 
in  the  title  of  this  thesis,'  namely,    "The  Past- 
eurization of  Milk  by  the  Use  of  Ozone"  was  sel- 
ected for  original  research. 

In  the  selection  of  the  title  it  was  de- 
cided that  the  word  "pasteurization"  be  used  in- 
stead of  "sterilization"  as  the  prob^lem  was  to 

/ 
be  considered  as  a  seartfh  for  a  commercial  meth- 
od to  displace  the  prevalent  type  of  milk  past- 
eurization, namely;  that   of  keeping  the  raw  milk 
at  a  temperature  of  170°  P.   for  a  definite  per- 
iod of  time. 

At  the  outset  of  the  attack  on  the  prob- 
lem several  things  were  decided  upon  as  the  ob- 
jects to  be  kept  most  in  mind.     The  first  of 
these  was  that  all  methods   of  procedure  would 
be  such  that  the  milk  would  be  kept  at  ordin- 
ary temperatures  during  the  process.     This  was 
because  it  was  the  desire  to  see  the  effect   of 
ozone  itself  on  the  aiilk,  unaided  by  the  api>lic- 
ation  of  heat,   and  secondly,   that  in  order  to 
make  the  method  comoiiercially  available,   the 
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milk  should  be  treated  under  normal  temperature. 

The  other  things  had  to  do  with  the  com- 
mercial application  of  the  methods.  That  is^ 
no  concentration  of  the  gas  was  used  which 
could  not  he  duplicated  in  regular  practice  on 
a  large  scale  at  a  reasonable  cost.  All  diff- 
erent methods  of  treatment  represented  on  a 
small  scale,  principles  which  could  be  applied 
to  commercial  installations. 

The  work  was  separated  into  three  aain 
divisions,  namely,  collection  of  data  as  to 
the  effct  of  ozone  on  bacteria;  its  effect  up- 
on the  ehemical  constituents  and  physical  prop- 
erties," and  the  effects  when  ujider  different 
methods  of  contact. 

The  germicidal  effect  was  determined  by 
the  customary  bacteria  count  by  means  of  in- 
cubation on  nutrient  agar  in  Petri  dishes, 
counts  being  made  on  the  original  untreated 
milk  and  on  every  sample  of  the  ozonized  prod- 
uct , 

The  chemical  and  physical  effects  on  the 
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milk  were  determined  by  maMng  analyses  on 
all  the  milk  treated,  quantitative  tests  being 
made  for  acidity,  casein,  lactose  or  milk 
sugar,  and  fat;  in  each  case. 

The  methods  of  analysis  employed  in  this 
work  were  all  the  standard  commercial  quant- 
itative tests.  In  substance  they  were  as 
follows: — 

The  ozone  was  determined  by  bbsorbtion 
in  alkaline  KI  solution,  the  I  set  free  by 
the  ozone  being  titrated  with  standard  5/10 
ira2S203  after  acidification  with  HCl,  starch 
being  used  as  the  indicator.  The  alkaline 
ZI  was  made  up  so  as  to  be  B/5  to  KI  and  B[/5 
to  ZOE. 

The  fat  in  the  milk  was  determined  by 
the  standard  Babcock  method. 

The  lactose  or  milk  sugar  was  made  by 
means  of  the  sacharimeter.  By  using  a  con- 
stant, exact  weight  of  sample  based  on  the 
specific  rotary  power  of  pute  lactosf,'  it 
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is  possible  to  make  the  polariscope  read  per- 
centage direct,  A  certain  sample,  the  amotmt 
depending  on  the  specific  gravity  of  the  milk, 
"being  added  to  30cc,  of  mercuric  iddide  sol- 
ution, the  whole  being  made  up  to  lo2,4  cc. 
and  filtered,  i-he  clear  filtrate  was  run  into 
the  sacharimeter  tube  and  the  reading  made. 

The  analysis  of  the  casein  was  the  only 
one  that  was  different  from  tne  custoiatiry 
method.  The  rapid  method  by  the  use  of  for- 
maldehyde being  employed.  This  method  is 
given  in  full  in  The  Jotirnal  Of  Industrial 
and  Engineering  Chemistry,  Yol  YI;2,  page  151. 
It  consists  of  taking  a  sample  of  9  co.  of 
milk,  making  neutral  with  phenolthalein  with 
alkali,  then  adding  2  cc.  of  formaldehyde, 
alio  netral  to  phenolthalein,  and  then  tit- 
rating vrith  l/lO  laOH.  The  number  of  co,  of 
alkali  used  multiplied  by  the  factor  1,63 
gives  the  percent  of  caaein.  The  acidity  was 
determined  by  making  note  of  the  amount  of 
alkali  needed  to  bring  the  milk  to  the  neut- 
ral point  in  the  first  part  of  the  above  method. 
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Three  specific  types  of  apparatus  were 
used  in  endeavoring  to  find  a  suitable  method 
of  exposing  as  much  milk  surface  as  passible 
to  the  ozonized  air.  These)/  types  differed 
to  such  an  extent  that  it  was  considered  ad- 
visable to  group  all  the  data  and  diseuBsicn 
pertaining  to  each  arrangement  in  separate 
divisions. 

The  ozone  generator,  which  supplied  the 
ozone  for  all  the  work,  was  designed  by  the 
Held  company,  of  this  city,  A  description 
would  be  somewhat  as  follows;-   One  electrode 
consisted  of  a  steel  cylinder  about  an  inch 
in  diameter  which  was  sealed  in  a  tube  under 
partial  vacuum.  This  vacuum  tube  served  the 
purpose  of  keeping  the  ozonized  air  free  fromin 
nitrous  oxides,'  a  thing  which  it  accomplishes 
successfully.  The  other  electrode  was  a  lay- 
er of  lead  foil  wrapped  around  a  tube  which 
was  open  at  the  end,  this  larger  was  of  glass 
and  fitted  over  the  vacuum  tube  leaving  an 
air  space  of  about  thr»e-sixteenths  of  an 
inch  across  which  passed  the  silent  electric 
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disc|:arge  and  thru  which  was  drawn  the  current   of 
dry  air.     Both  tubes  were  fased  together  at  tie 
"bottom  so  as  to  malce  a  stable  piece  of  appar- 
atus. 

The  high  tension  current  was  fed  to  the 
electrodes   from  either  a  step-up  transformer 
or  an  induction  coil,   depending  upon  whether 
110-volt  current  or  storage  batteries  were  av- 
ailable.    The  step  up  transformer  was  oper- 
ated from  the  llO-volt  D.C,   lighting  circuit 
thru  a  small  rotary  converter^'  constructed 
so  as  to  give  a  variable  frequeney.     The  change 
in  the    freq[uency  of  the  A.C.  current  supplied 
to  the  transformer  varied  the  E.K.P,   on  the 
secondary,   as  thus  changed  the  concentration 
of  the  ozonized  air.     The  entire  apparatus 
was  mounted  on  a  panel  and  eqxlipped  with  suit- 
able plugs  and  switches. 

The  first   form  of  apparatus  used  to  in- 
troduce the  ozone  from  the  generator  into  the 
milJc  was  one  in  which  the  milk  was  teated  in 
bulk;   that  is,"  the  milk  was  held  stationary 
and  the  ozonised  air  drawn  in  thru  it.     To 
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obtain  the  greatest  possible  contact  between 
the  ozone  and  milk,  A  fractionating  colurnn 
containing  inverted  funnels  was  used  as  thw 
container  for  the  milk.  The  air  was  first 
drawn  in  from  the  room  thru  a  oalcitun  chlor- 
ide tower  v/hich  served  to  remove  the  moisture 
and  dust  from  the  air  and  prelrent  it  from  en- 
tering the  ozoniaer.  Upon  entering  the  ozon- 
izer  the  oxygen  was  partially  converted  to 
ozone.  The  ozonized  air  was  then  drawn  in  at 
the  lower  part  of  the  fraetionating  column  and 
up  thru  the  milk^  leaving  at  the  top,  it  was 
then  drawn  thru  a  gas  neter  and  out  into  the 
atmosphere  thru  a  suction  pump.  The  air  cir- 
culation^' as  is  intimated,  was  famished  by 
a  suction  pump  or  water  aspirator  at  the  end 
of  the  system,  so  that  the  entire  apparatus 
was  tinder  a  partial  vacuum. 

All  connections  between  the  parts  of 
the  apparatus  were  of  aluminum  and  glass 
tubing.  Joints  were  made  by  means  of  metal 
couplings  packed  with  cotton  and  paraffin. 
It  was  impossible  to  use  rubber  tubing  at  any 
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point  in  the  4ir  line,   as   it  was   oxidized  by 
the  ozone  almost  immediately,    thus  rendering 
it  useless,     Hubher  stoppers  were  used  with  a 
protective  ooating  of  paraffin. 

Between  ths  ozonizer  and  mil^  oolusm 
was   inserted  a  three  way  cock  and  to  the  third 
branch  of  this  was  connected  two  gas  absorp- 
tion bottles   for  the   determination  of  the  a- 
moiint  of  ozone  in  the  air  being  drawn  thru. 
These  bottles  were  connected  with  the  main 
air  line  beyond  the  milk  column  by  means   of 
a  seconi:  three  way  cock.     Thus  by  proper  ad- 
justment of  these  two  three-way  cocks,   the 
ozonized  air  could  be  sent   either  thnz   the 
milk  colram  or  thru  the  gas  absorption  bottles 
as  was  desired. 

Several  runs  with  this  arrangement  gave 
us  the   following  data:- 
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Concentration:  .  Ozone  Applied 

,  grs.  per  liter 
parts  per  1000  .    of  milk. 


Bacteria 

Count  per  cc 


1 

Original  - 

T^illj 

80.000 

2 

1.33 

.322 

60.000 

3 

1.33 

.483 

1.800 

4 

— -  Original  - 

Milk 

—      540,000 

5 

1.01 

.218 

100,000 

6 

Original  - 

Milk 

1,650.000 

7 

2,0 

.455 

808,000 

8 

2.0 

.850 

152,000 

9 

original  - 

Milk 

250.000 

10 

2.2 

.50 

56,000 

11 

2.2 

.72 

28; 000 

12 

2.2 

.94 

6 ,  000 

13 

Original  - 

Milk 

11.700.000 

14 

2.68 

.685 

950,000 

15 

Original  - 

Milk 

120,000,000 

15 

1.2 

.441 

3,830,000 

17 

1.2 

1.0 

2,290.000 
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No.  %   Acidity  %Casein  ^lactose   ^Fat 


1 

- 

2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

7 

- 

8 

- 

9 

.136 

10 

.146 

11 

.146 

12 

.146 

13 

.425 

14 

.425 

15 

.34 

16 

.33 

17 

.80 

2.3 

4.75 

2.3 

4.7 

2.2 

4.75 

2.2 

4.75 

2.28 

4.5 

2.36 

4.75 

2.28 

4.76 

2.28 

4.75 

2.28 

4.75 

2.2 

4.25 

2.2 

4.25 

2.12 

4.3 

2.12 

4.3 

2.12 

4.3 

3.4 
2.8 

3.2 
2.0 
2.0 

6.2 
6.0 

5.0 
4.8 

6.4 
5.8 

5.0 
2.2 

1.8 
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The  results  of  the  operation  of  this  ar- 
rangement of  apparatus  were  thoroly  satisfact- 
ory with  regard  to  the  action  of  the  ozone  on 
the  "bacteria  and  constituents  of  the  milk?  As 
may  be  seen  from  the  preceding  data,  the  "bact- 
eria were  reduced  in  number  such  as  trcAld  cor- 
respond favorably  with  the  results  of  any  ord- 
inary past eurissat ion  methods  now  in  use. 

It  may  be  said  that  the  bacteria  that  did 
survive  the  treatment  were  more  vigorous  in 
awtion  than  those  in  the  original  milk  as  the 
colonies  from,  the  treated  milk  developed  in  a 
shorter  time  than  those  fi*om  the  raw  milk. 
However,"  no  new  colonies  appeared  in  the  media 
when  allowed  to  remain  in  conditions  favorable 
to  growth  as  in  the  case  of  raw  milk. 

Hone  of  the  constituents  of  the  milk 
were  affected  chemically  by  the  ozone  as  shown 
by  the  analyses.  The  main  objection  to  the 

foregoing  arrangement  of  apparatus  was  a  mech- 
anical difficulty  which  reduced  the  percentage 
of  fat  in  the  milk.  This  difficulty  arose 
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from  the  treatment  of  milk  in  stationary  "bulk, 
Tlie  air  entered  the  lower  part  of  the  column 
of  milk  and  in  passing  up  thru  it  produced  a 
churning  action  which  tended  to  separate  the  . 
hutter,"  which  being  the  lightest  of  all  the 
solids,  the  tendency  for  It  to  gather  at  the 
top  was  facilitated  hy  the  upward  passage  of 
the  air  thru  the  milk.  The  result,"  as  might 
be  anticipated,  was  that  at  the  end  of  the 
treatment  a  considerable  portion  of  the  butter 
fat  had  separated  and  gathered  at  the  top  of 
the  column,  thus  lowering  the  percentage  of 
butter  in  the  treated  milk. 

As  this  separation  of  butter  was  undes- 
irable the  foregoing  scheme  of  obtaining  con- 
tact between  the  ozone  and  milk  was  itbaiidoned. 
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The  second  arrangement  of  apparatus  7ms 
designed  to  eliminate  the  xmdesirahle  feature 
of  the  first  set  up;  namely,  that  of  churning 
the  mass  of  milk  to  such  an  extent  as  to  cause 
the  butter  td  separate.  In  this  arrangement 
an  upright  calcium  chloride  tower  of  about  three 
inches  in  diameter  and  fourteen  inches  high 
was  substituted  in  the  place  of  the  fraction- 
ating column,  Eo  obstructions  to  the  passage 
of  air  thru  the  interior  of  the  tower  were  used  . 
The  aim  was  to  let  the  milk  break  up  the  bubbles 

of  air  as  they  passed  up  thru  the  lic[uid»  as 
before  the  air  was  introduced  at  the  bottom 
and  drawn  off  at  the  top. 

This  arrangement  failed  in  its  purpose 
as  the  butter  still  separated  and  the  bubbles 
of  air  passes  up  thru  the  milk  in  too  large 
a  size  to  make  the  contact  at  all  efficient. 
Accordingly  the  tower  was  filled  with  pebbles 
of  about  a  half  inch  in  diameter ^  the  remaind- 
er of  the  apparatus  being  unchanged. 

The  following  data  was  obtained  from 
the  foregoing  arrangement :- 
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Concentration:  .  ozone  Applied  $   Bacteria 

,grs.  per  liter  . 
parts  per  1000  .   of  milk.    .  Count  per  ce, 


1     Original Kilk  -   S^SOO.OOO 

2  E.02  1.72  1,300,000 

3  2,02  2.00  5uu,000 


Analyses 


HO. 

fo  Acidity 

% 

Casein 

% 

Lactose 

%  Fat 

1 

.175 

2.2 

4,75 

4.0 

2 

.175 

2.2 

4.75 

3.2 

3 

.175 

2.2 

4.75 

2,8 

as  is  shown  by  the  above  data^  the  bacteria 
reduction  was  as  efficient  as  under  the  first 
method,  but  the  same  mechanical  difficulties 
still  prevailed,  the  butter  fat  continued  to 
separate  and  gather  on  top,  conseq^uently  this 
scheme  was  abandoned  after  one  run. 
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The  third  and  final  arrangement  was  as 
shown  in  illustrations  numhers  9  and  In.  The 
ozone  was  produced  in  the  usual  manner.  The 
milk  waG  treated  while  in  motion,  the  treat- 
ment taking  place  in  a  large  enclosed  space 
filled  with  ozonized  air  which  was  constantly 
being  changed.  In  place  of  the  milk  column 
of  the  previous  arrangements,  two  hell  jars 
were  fitted  together,  foot  to  foot,  one  serv- 
ing as  a  bottom;  heing  inverted  and  supported 
by  an  iron  standC,  The  other  stood  on  top  of 
this  and  the  union  between  the  two  jars  was 
made  air  tight  by  smearing  the  edges  with  vas- 
eline. 

The  ozonized  air  «as  introduced  at  the 
top  of  the  upper  bell  jar  thru  a  tube  that 
terminated  in  a  funnel  inside  of  the  enclosed 
space.  The  mixk  was  held  in  a  separate  res- 

V 

evoir  operated  on  the  principle  of  a  wash  bot- 
tie.  The  air  pressure  for  this  was  supplied 
by  a  constant  pressure  air  tank.  This  tank 
consisted  of  a  large  air  chamber  on  top  of 
which  was  an  open  vat  of  water.  The  water 
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flowed  from  this  vat  into  the  air  chamber  thru 
a  tube  extending  from  the  'bottoin  of  the  vat  to 
the  lower  region  of  the  air  chamber,  The  water 
replaced  the  air  forcing  it  from  the  top  thru  a 
connection  to  the  milk  resevoir. 

The  second  connection  from  the  milk  resevoir, 
corresponding  to  the  discharge  tube  of  a  wash 
bottle,  was  an  aluminum  pipe  that  extended  thru 
the  side  of  the  upper  bell  jar  and  up  into  the 
interior,  so  that  the  end  of  the  tube?!  which  was 
fitted  with  a  tip,  was  directly  underneath  the 
funnel  thru  which  the  freshly  ozonized  air  en- 
tered. 

'iVhen  the  apparatus  vras  in  action  the  milk 
entered  the  ozonized  atmosphere  loy  being  squir- 
ted up  into  the  inner  surface  of  the  funnel 
over  which  it  spread  itself  and  flowed  down  in 
a  very  thin  layer.  At  the  same  time,'  the  ozon- 
ized air  entered  thru  the  inverted  funnel  thus 
presenting  a  most  intimate  contact  between  the 
OBone  and  milkiJ'  ^^^  ^  most  excellent  opportunity 

for  the  ozone  to  accomplish  its  purpose,  name- 
ly that  of  destroying  the  bacteria.  From  here 
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the  milk  dripped  from  tlie  surface  of  the  fun- 
nel, falling  over  12  inches  thru  an  atmos- 
phere high  in  ozone,  and  collecting  in  the 
"bottom  of  the  inverted  bell  jar  from  which  it 
WES  drawn  at  the  end  of  the  treatment. 

The  spent  ozone  was  drawn  from  the  en- 
closed space  thru  the  two  absorption  bottles 
Jry  which  means  the  excess  ozone  was  determined. 
The  amount  of  ozone  that  passed  thru  the  milk 
and  the  amount  absorbed  by  the  milk  were  deter- 
mined by  the  difference  from  the  total  amount 
of  ozone  passed  into  the  system.  The  total 
ozone  was  determined  by  a  period  of  operation 
in  which  no  milk  was  being  treated. 

The  following  data  was  obtained :-- 
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Concentration: .Total  ozone, Ozone  Ab   ,  Bacteria 

.passed  per  .sorTDed  per.  Count 
parts  per  1000, liter  milk  .liter  milk,  per  cc. 


1 



Original  —  I^ 

•^  T  V    _- 

3?ooo,000 

IXJC   ~- 

2 

.©833 

,0833 

.07 

840,000 

3 

.8833 

.1383 

.0745 

25o;ooo 

4 

,8833 

.1933 

.0776 

180,000 

5 



Original     — 

Milk 



280,000 

6 

.S50 

.0128 

.006 

180,000 

7 

.750 

.L218 

.015 

105,000 

8 

,750 

.2033 

.0285 

95,000 

9 

,750 

.3123 

.0535 

60,000 

10 



Original     — 

Milk 



7^000.000 

11 

1.26 

.143 

.007 

2,150,000 

IE 

1.26 

.254 

.051 

290,000 

13 

1,26 

.395 

.148 

120,000 

14 



Original     — 

Milk 



6,    570,000 

15 

.079 

.134 

.001 

4,140,000 

16 

.079 

.302 

.0705 

3,    870; 000 

17 

.079 

.482 

.138 

1,900,000 

18 

.079 

,572 

.1722 

1,500,000 

19 

.079 

.9 

.1825 

1,   450,000 

20 

.079 

1.05 

.2146 

1,    200,000 
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Ifo, 

^  Acidity 

^Casein 

%  lactose 

-^0     Pat 

1 

.186 

2.51 

4,55 

4.2 

2 

.18 

2.6 

4.4 

4.1  , 

3 

.189 

2.63 

4.5 

4.3 

4 

.185 

2.51 

4.5 

4.2 

5 

.16 

2.28 

4.75 

3.4 

6 

.162 

2.3 

4.7 

3.38 

7 

.16   • 

2.27 

4,72 

3.4 

8 

.16 

2.29 

4,72 

3,4 

9 

.162 

2.28 

4.75 

3,35 

10 

.165 

2,20 

4.5 

3.8 

11 

.S62 

2.23 

4,55 

3,85 

12 

.368 

2.22 

4,57 

3.8 

13 

.356 

2.20 

4.6 

3.97 

14 

.275 

2.36 

4,5 

3,5 

15 

.278 

2.39 

4.7 

3.55 

15 

.274 

2.35 

4.6 

3.6 

17 

,275 

2.37 

4.75 

3.61 

18 

.277 

2.39 

4.7 

3.6 

19 

.275 

2.86 

4.7 

3.5 

20 

.274 

2.35 

4.75 

3.6 
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PLATE  OIJE. 


DILUTION?  1  -  1000 

Ozone   Applied  :   -  0,6  grs ,  per  liter 
Counts;-  Original,  850,000  per  cc. 
Treated,   56,000  per  oc , 
Incubation  72  hours. 
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PLAT15J  TWO,, 


DILUTIOISr:    1  -  1000 


Ozone  Applied:    -      ,72  grs ,   per  liter 
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PLATE  THREE 


BILUTIQI:  1  -  1000 


Ozone  Applied:  -  0.94  grs»  per  liter 
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PLATE  FOUR   -  A* 


oriCtIital  mile, 

Dilution:-  1  -  10,000 
Time  of  Incubation  t   48  Hours, 
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PIulTE  FOUB     -   B, 


DILUTICW    :    1   -   10,000 


O25one  Absorbed   i   O.OOl  grs.  per  liter. 


Page  28 


PLATE  FOUR  -  C, 


BILUTIOI^i  1  -  10,000 


Ozone  Absorbed  :  0.0706  grs.  per  liter. 
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PLATE  FOUR  -  D. 


BILuTIOI;  1  -  10,000 


Ozome  Absorbed:-  0.182S  grs  Per  liter 
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PLATTU  FOUR  -  S. 


DILUTION    :    1  -   10,000 


Ozone  Absorlsed   :-     0.2146  grs »  per  liter 
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The  above  data  and  accompanying  photo- 
graphs indicate  better  than  words  that  in  the 
last  type  of  apparatus  success  was  attained 
on  an  experimental  size  of  plant  at  least.  The 
method  of  contact  between  the  milk  and  ozone 
as  employed;  namely;  that  of  submitting  a  mov- 
ing film  of  milk  to  a  highly  concentrated  ozon- 
ized atmosphere,"'  eliminated  all  the  previous 
troubles  in  regard  to  the  separation  of  the 
butter  fat.  It  also  presented  itself  as  a 
scheme  which  could  easily  be  enlarged  to  a  com- 
meroial  scale.  Another  thing  in  its  favor  was 
the  fact  that  a  large  fuantity  of  milk  could 
be  treated  in  a  comparitively  short  period  of 
time, 

A  thing  which  was  to  be  noted  about  this 
method  was  the  fact  that  the  surface  tension 
of  the  milk  changed  decidedly  as  the  film  was 
exposed  to  the  ozone.  The  milk  lost  nearly  all 
its  fluidity  and  passed  off  the  edge  of  the 
funnel  in  a  sort  of  a  "stringy"  mass.  After 
being  removed  from  the  influence  of  the  ozone 
the  milk  regained  its  former  characteristics 
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no  effects  were  otherwise  noted  on  the  physical 
properties  or  on  the  chemical  constituents  of  the 
treated  milk. 
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Plate  Pive, 
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Plate   ^ix. 
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The  results  show  that  ozone  is  an  efficient 
germicide  when  applied  to  milk  in  any  way,  it 
would  appear  that  the  oxidation  of  the  constit- 
uents which  has  generally  heen  attributed  to 
ozone,  is  caused  hy  the  presence  of  nitrous  ox- 
ides with  ozone.  However,'  the  late  design  of 
ozone  generators  which  were  used  in  this  work 
produced  no  nitrous  oxides,  as  was  proven  "by  test, 
and  therefore,  none  of  the  oxidation  of  the  in 
gredients  of  the  milk  resulted. 

The  extent  to  which  the  bacteria  were 
killed  and  possibly  the  entire  elimination  of 
them  by  this  process  is  evidently  dependent  up- 
on the  concentration  of  the  ozone,  and  the 
length  of  time  and  method  of  contact, 

looking  at  the  results  from  the  commer- 
cial standpoint,  none  but  the  latter  method  pre- 
sents a  commercial  possibility.  It  is  the  be- 
lief df  the  authors  that  by  further  investigat- 
ion and  experiment  fhe   last  scheme  could  be  de- 
veloped into  a  practical  method  capable  of  com- 
peting successfully  with  the  prevalent  methods 
of  pasteurizing  milk,. 
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TVe  take  this  opporttmity  to  thank  Mr, 
Held  of  the  Held  Conpany  for  his  most  grate- 
ful help  in  furnishing  us  with  all  the  necess- 
ary apparatus  needed  in  the  preparation  of 
the  ozone. 

Thanks  are  also  due  to  Professor  Harry 
C.  McCormack  for  his  advice  and  suggestions," 
and  also  to  Alfred  Ernest  Sean,  Curator,  for 
his  help  during  the  erection  of  the  apparatus. 
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